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The steroid hormones belong to a heterogeneous 
class of small polycyclic organic compounds. These 
compounds play a vital role in many develop-
mental and homeostatic processes. Sex steroids, 
which include estrogens, progesterone. and testos-
terone, are involved in both normal and pathologic 
embryonic sex. 
In order to obtain a better understanding of the 
role that steroids play in both health and disease, it 
has been necessary to investigate the molecular 
biology of hormone responses. The past few years 
have brought many advances fl) in the field of 
steroid hormone action and make it possible to now 
formulate a general model of steroid hormone 
action. 
THE CHICK 0\'IDll('T SYSTEM 
One particularly useful model that has contrib-
uted much to our understanding of how steroid hor-
mones exert their effects has been the chick 
oviduct system 12-4]. In this model system. estro-
gen administration induces oviduct growth, differ-
entiation, and development. These alterations 
require RN A, protein, and DNA synt hesis. After 6 
to 10 days of estrogen administration, the oviduct 
of a newly hatched chick increases in size from 
10-15 mg to 1500-2500 mg. In this differentiated 
state. 60% of the cellular protein consists of the 
egg-white protein ovalbumin . Prior to estrogen 
administration there is no detectable ovalbumin 
(5 ]. If estrogen injections are subsequently with-
held for -10 davs the oviduct decreases greatly in 
size and the a~ount of ovalbumin decreases to 
trace amounts. Restimulation with estrogen brings 
about growth and ovalbumin synt hesis. This time 
another steroid hormone, progesterone, can also 
effect these changes [6, 7 ). In addition, progester-
one, but not estrogen, induces synthesis of another 
egg-white protein called avidin [2]. Research over 
the last 10 years has enabled us to formul ate a 
detailed model of the chain of events which results 
in the induction of specific protein synthesis by 
steroid hormones. The details have been worked 
out only in the case of progesterone stimulation of 
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ovalbumin and avidin synthesis in the chick ovi-
duct. However, the data assembled by researchers 
studying the effects of other steroid hormones in 
other animal and human model systems suggest 
that this model presented in t he Figure and 
discussed during the balance of this article may be 
generalized to explain the mechanistic details by 
which all steroid hormones alter specific gene 
transcription. 
REC'EPTORS POR . TEROID HORMOl\'E, 
Steroids (S) circulate throughout the body pre-
dominantly complexed with binding proteins. 
However, perhaps as much as 5% of the circulat~g 
steroids are uncomplexed. Only these free steroid 
molecules may enter cells and they do so probably 
by passive diffusion. Autoradiographic experi-
ments have demonstrated t hat following in vivo 
hormone administration only certain cells retain 
steroids for significant time periods. These cells are 
termed target cells. A class of protein molecules 
called receptors resides within the cytoplasm of 
target cells in the absence of hormone. Classical 
pharmacology defines a receptor as a sort of 
biologic transducer which converts input informa-
tion, i.e., circulatory steroids, into biologic re-
sponse, i.e., specific Rl\A and protein synthesis. 
These macromolecules are present in limited num-
bers but only in target cells. They bind specific 
steroids very tightly (K d 10- 9 M). It is important 
to realize that the reversible reaction between the 
steroid moiety and the receptor is highly selective, 
progesterone binds to progesterone receptor but 
not to testosterone or estrogen receptors. In our 
laboratories at the Baylor College of Medicine, Dr. 
William T . Schrader has been able to show that 
the functionally active progesterone receptor (R) is 
a dimer which consists of two similar but not 
identical cigar-shaped subunits l8- 10). These sub-
units have been termed A and B and are distin-
guished on the basis of their respective bindi~g 
characteristics to DNA and chromosomal nonhis-
tone proteins. These differences will be discussed 
subsequently. 
In vitro studies using a cell-free system have 
revealed that the receptors are not retained by 
purified nuclei in the absence of hormone 111. ]. 
Thus. one postulates that interaction of sterOid 
with receptor induces some subtle alteration in the 
structure of t he receptor molecules which facili-
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tates translocation of the receptor- hormone com-
plex to the nuclear compartment. 
TRANSLOC"ATIO:\ OF THE HORMO~E-REC"EPTOR C'OM· 
PLEX 
Nuclear uptake of receptor- hormone complexes 
has been studied in many laboratories including 
our own (see [12] for review). In vitro studies using 
partially purified receptors and highly purified 
nuclei have shown that uanslocation is a t ime- and 
temperature-dependent process. Rate studies are 
consistent with a diffus ion-limited translocation 
process. The time course for binding of receptors t o 
chromatin or to nuclei is very similar and t hus it is 
unlikely that the nuclear membrane is rate limit-
ing in the nuclear accumulation of steroid receptor 
complexes [13 ]. 
,'\1JC'LEAR RETF.);TJ01\ OF THE HORMO:\F.- RECF:PTOR 
COMPLEX 
Most data suggest the existence of a finite num-
ber of nuclear binding s ites for all steroid-receptor 
complexes (reviewed in [12 ]). The nuclear binding 
reaction, like that between t he steroid and recep-
tor. is also very strong (K d - IQ- 8 - 10- 9 M). There 
are approximately 4,500 nuclear binding sites for 
receptor dimers within an oviduct cell nucleus at 
physiologic salt concentrations [13]. 
While the receptor dimer is believed to be the 
functional receptor species, it is interesting to note 
t hat the A subunit binds to DNA but not to 
chromatin (chromosomal proteins + DNA) 
whereas the B subunit binds to chromatin, but not 
to DN A [14]. Since it has also been observed t hat 
the intact dimer does not bind well t o DNA [8 ], one 
postulates that the DNA binding site on t he A 
subunit is occluded when t he two subunits are 
associated. 
The sites to which the B subunit or A-B receptor 
dimer may bind have been extensively investigated 
by Spelsberg et al [15- 17]. These sites are called 
acceptor sites and are believed to consist of DNA 
and a specific subclass of hormone-associated non-
histone proteins. Histones, the other major class of 
chromosomal proteins, are remarkably sim ilar 
from cell to cell and among species and play no role 
in the binding of steroid hormone-receptor com-
plexes to the target cell genome. Nonhistone, or 
acidic proteins, are quite diverse between cells of a 
given organism and between species. Thus, it is 
logical that these proteins play an essential role in 
determining the acceptor site topography since 
nontarget. t issue-cell nuclei a nd chromatin. which 
contain the same DN A sequences as target cells, 
bind receptors poorly. Moreover. specific receptor 
binding by chromatin can be transferred from one 
species of chromatin t o another merely by switch-
ing subfractions of the acidic proteins. 
SPEC"fFIC GEJ\E INDUCTI01\ BY STEROID HORM01\E, 
Recent advancements have made it possible to 
study t he initiation of RNA synthesis in vitro, 
controlling for such parameters as initiation, rate 
of RNA chain elongation, termination , chain size, 
and reinitiation of RNA syn thesis. The details of 
the experimental procedure are beyond the scope 
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of this overview but the interested reader may find 
them in the appropriate references [18-22]. These 
studies showed that although the B subunit binds 
to both nuclei and chromatin [22] it does not effect 
an increase in RNA synthesis. The A subunit 
which binds poorly to nuclei and chromatin was 
effective in increasing RNA synthesis, but only at 
concentrations some 10- to 50-fold higher than 
required for intact dimer to increase RNA chain 
initiation. RNA chain size and elongation rates 
remained constant and, since t he experimental 
system did, not permit reinitiation, one concludes 
that the primary effect of steroid hormones is to 
increase RNA chain initiation. Using receptor 
purified to homogeneity, the increase in initia-
tion was detected primarily on target cell chro-
matin . It did not occur in the absence of any one 
of the following components: receptor, steroid, 
RNA polymerase. chromatin, ATP, CTP, GTP. or 
UTP. 
The weak ability of the A subunit to stimulate 
transcription relative to the efficiency of the dimer 
suggests that the A- B dimer is the functional 
receptor moiety. 1t may be the role of the B subunit 
to carry the A subunit to the neighborhood of pro-
gesterone-responsive genes. The actual site where 
initiation of RNA synthesis occurs, termed the 
effector site. may be either identical with or some-
what removed from the acceptor site. ubunit 
dissociation may then permit the A or effector 
subunit of the dimer to find the effector site much 
more efficiently than it can on its own. Binding 
of the A subunit at the effector site may result in 
a local unwinding of the DNA duplex which allows 
the DNA polymerase molecule to recognize the 
presumed single-stranded initiation site. 
~Yl'\THESIS. MODIFIC'ATI0:-.1. A!'\D EXPORT OF MES· 
SE!'\(~ER RNA 
Thousands of unique primary transcripts are 
produced in response to hormone administration in 
vivo and in vitro [2,23-25 ]. Our knowledge in this 
area i somewhat hazy because very few eucaryotic 
mRNA 's have been isolated in pure form. One 
mRNA which has been purified is that which codes 
for ovalbumin [26]. It is produced by the chick ovi-
duct in response to estrogen or progesterone ad-
ministration [6]. We have shown that after with-
drawal of all steroid hormones, a single injection of 
hormone will cause ovalbumin mRNA to increase 
from 0- 6 molecules/cell to -10,000 molecules/cell 
within a 24-hr period [27 ]. These mRNA sequence!> 
are subsequently modified. Ovalbumin mRNA is 
-l900 residues long including some 70 adenine 
residues which form the so-called poly A tail 
characteristic of many mRNA's. These adenosine 
residues are attached one at a time to the 3' -end 
of the primary transcript after its synthesis is com-
plete. There are some ''hairpin'' or tight loops 
which represent base-paired regions called palin-
dromes within the mRNA molecule [28]. There is 
also evidence in some RNA's [29] including ovalbu-
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min mRNA, that the 5'-end may be methylated 
(Me) [29]. Any or all of these alterations in the 
structure and composition may be responsible for 
designation of the mRNA species for export to the 
cell cytoplasm. The exact nature of the process by 
which the mature mRNA's reach the cell cyto-
plasm is unknown. The largest amount of nuclear 
RNA synthesized never passes the nuclear mem-
brane. Nevertheless. the mRNA subpopulation of 
the nuclear RNA's does pass the nuclear mem-
brane perhaps by traversing the nuclear pores. 
TRANSLATION 
In the cell cytoplasm the 5'-end of the mRNA 
molecule combines with ribosomal subunits, each 
of which consists of many ribosomal proteins and 
RNA's [30]. The methylated 5'-end of the messen-
ger RNA may be particularly important for initial 
attachment to ribosomes [29 ]. Several so-called 
protein synthetic initiation and elongation factors, 
ATP, GTP, and charged tRNA molecules are re-
quired for synthesis of the corresponding protein. 
Multiple ribosomes may combine with a single 
mRNA molecule so that at any one instant multi-
ple polypeptide chains are being synthesized. As 
the new polypeptide chains are released, the riboso-
mal subunits "fall" off the 3'-end of the m.RNA 
and are free to recycle into any free mRNA 5'-
terminus. Finally the new polypeptide folds to es-
tablish its secondary and tertiary structures which 
are essential for it to be functionally active in bring-
ing about altered cell function. 
CO~CLUSIO:\ 
In principle, steroid hormones might act at any 
level along the pathway towards altered cellular 
function. However, recent. as yet unpublished, 
studies from our laboratory have shown that by 
combining purified steroid hormone- receptor com-
plexes with RNA polymerase, interphase chromo-
somes. and necessary substrates. it is possible to 
induce the synthesis of ovalbumin mRNA in vitro. 
This is the same result one obtains by administer-
ing progesterone in \-i\·o and strongly suggests that 
steroid hormone receptors act directly on the cell· 
genetic apparatus to induce gene expression and 
initiate the sequence of events which lead to 
altered cell function. 
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